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5-Endo

A very large number of reactions proceed by way of transient
enolic intermediates and related carbanion species. Nearly four
decades ago we reportfdtiat the carbon being protonated has a
transition state which is close to%pybridized. Also it was noted formed endebenzoyl ketone was evidenced by the lack of

that as a consequence the preferred attack of the proton donor igeactivity of theendebenzoyl ketone under conditions used for
from the less hindered side of the delocalized species to afford e yetonization runs. Thus, with the highest concentration of
the less stable of two alternative stereoisomeric products. A long

That the formation of the more stable of the two stereoisomeric
ketone products did not result from epimerization of an initially

series of our publications on the subject followed that initial
report® One relatively recent and typical example is given in
eq 13
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acetic acid used, less than 4% epimerization was observed.

A remarkable observation was that the stereoselectivity of
reaction of theendepyridyl enol was a function of the concentra-
tion of proton donor acetic acid employed, whereas the selectivity
of ketonization in theexopyridyl enol4-exowas independent of
the donor concentration. This signifies that in #redepyridyl
ketonization, the formation of the two stereoisomers cannot have
the same kinetic order in (e.g.) acetic acid.

In ketonization of theendepyridyl enol, in 1.4M acetic acid
the exabenzoylendebenzoyl product ratio was 97:3, whereas
in the more dilute 0.081 acid a ratio of 1:3 resulted. We conclude
that more acetic acid molecules participate in the intramolecular
protonation than in the intermolecular process. We designate the
amount of theendebenzoyl producs, formed by the ordinary

_ In the present paper we report a unique example where jytermolecular protonation, @& and the amount aéxobenzoyl
intramolecular proton delivery permits reversal of the ublqunou_s_ product?, asP,. Equations 2 give the extent of formation of the
phenomenon and a remarkable dependence of the stereoselectivity

on proton donor concentration. The reactivity of the two enols,
4-Exo and5-Endo, was the object of this study. The correspond-
ing silyl enol etherwere employed as precursors. Generation
of the enols with tetrabutylammonium fluoride led to the
anticipated stereochemistry in the casetdExo where the less
hindered protonation with ammonium ion or acetic acid led to
the endebenzoyl ketones.

In contrast, parallel ketonization of teedcepyridyl counterpart
5-Endo, under conditions sufficiently acidic to permit prior partial
protonation of the pyridyl nitrogen, led to reversal of the reaction
stereochemistry. Thus, while ketonization of #releenol 5-Endo
with ammonium ion gave thendebenzoyt-endopyridyl ketone

dP./dt = k [HA][Enol] and dP /dt = k [HA] "[Enol] (2a,b)

two stereoisomers after total ketonizatfoBivision of the two
equations gives, in logarithmic form, eq 3. Here we note the slope

log(P,/P,) = (n — 1) log[HA] + log(k/ky)  (3)

of a plot of logP,/P,) versus the log of acid concentration [HA]
is (n — 1) and affords the difference in number of acid molecules
in the transition state for the intramolecular compared with the

8 resulting from the normal, less hindered approach of the proton ordinary intermolecular process.

donor, with 1.4M acetic acid in THF, the stereoselectivity
favoring formation of theexabenzoyt-endepyridyl ketone7 was
97:3 (Scheme 1). Similar results were obtained in isopropyl
alcohol and DMSO solvents as well as with formic acid in THF.
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Figure 1. Plot of log(product ratio) versus log(proton donor concn);
solvent THF.

To determinen for a number of solvents and for acetic acid as
well as for formic acid, “differential plots” of lod¥/P1) versus
log[HA] were employed. The average valuerofor acetic acid
in THF, acetic acid in isopropyl alcohol and for formic acid in
THF was 2.2+ 0.3. For acetic acid in DMSOy was 3 (note
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Kinetically controlled protonation of delocalized carbanions in
general not only is of mechanistic interest but is also involved in
a myriad of organic reactions. This list includes (inter alia) the
lithium—ammonia reduction of.,5-enones, the decarboxylation
of malonic acids, the protonation of nitronate anions, the conjugate
addition to conjugated enones, the debromination-bfomoke-
tones, deprotonatienprotonation, and nucleophilic attack on

Figure 1). Thus, under all conditions studied using acetic or formic ketenes.

acid as the proton donor in THF and isopropyl alcoholehde

pyridyl enol 65-Endo) incorporates one more acetic acid molecule
in the transition state for “inside” intramolecular protonation than
in the transition state for “outstide” intermolecular protonation.
If the first acetic acid molecule is needed to protonate the pyridyl

nitrogen to give an ion pair, the role of the second acetic acid

molecule is subject to conjecture.

Nevertheless, we do know that enolates protonate with greater

facility than their enol counterparfsOne possibility is that the

extra acetic acid molecule serves to hydrogen bond and then

donate a proton to the acetate of the ion pair, finally converting

the enol to the more reactive enolate in a cyclic fashion as depicted
in Scheme 2. This picture is in accord with the observation that

the “outside protonation” to give trendebenzoyl keton®, where

an extra acetic acid molecule cannot reach, does not use this extr

molecule and shows nexo—endoproduct ratio dependence on
acid concentration.

Also, protonation by ammonium ion seems likely to proceed
by way of the unprotonated pyridyl isomers and is subject only
to the usual steric hindrance to approach of the donor.
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University, 1960.

The phenomenon also has been of considerable use in obtaining
the desired stereochemistry in synthesis and has arisen unexpect-
edly in a variety of studies, and thus, it is not surprising that the
concept has been rediscovered several tithesany event, the
phenomenon has been of considerablettise.
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